Chemotherapy and radiation therapy provide limited improvement in survival of gastric cancer patients after tumor resection. It is essential to develop a novel therapeutics for gastric cancer. In the recent years, cytokineinduced killer cells (CIKs)-based adoptive immune therapy has been explored in gastric cancer patients. Due to the small number of patients included in each clinical trial and low-power statistical analysis, the effectiveness of this approach is still unclear. To address this issue, we systemically analyzed the relevant clinical trial data published in recent years by powerful statistical meta-analysis.
Background
Gastric cancer is the second leading cause of death among all cancers, with limited effective therapeutics and poor prognosis around the world [1] . Conventional chemotherapy and radiotherapy is proven effective in improving survival rate, but is still challenged by tumor recurrence and severe adverse effects in the treated patients [2, 3] . In the pat 2 decades, a variety of immunotherapeutic approaches were developed for anticancer treatment, such as initially developed adoptive transfer of autologous tumor infiltrating lymphocytes (TIL) [4, 5] . More recently, tumor cell-targeted T cell therapeutics was explored, such as adoptive transfer of chimeric T cell receptor (TCR)-engineered T cells, in which TCR was coupled with a singlechain variable fragment of tumor antigen antibody. The strategy has been confirmed to be effective in shrinking and diminishing solid tumors in phase I and II clinical trials [6, 7] , but currently the strategy is still challenged by problems such as the high risk of developing autoimmune diseases, high heterogeneity of tumor antigens, and high cost of T cell engineering. In addition, TCR-engineered T cells have not yet been developed for gastric cancer treatment. Thus, cytokine-induced killer T cells (CIK)-based immune therapy is a feasible approach and has been widely explored in China for the treatment of a variety of cancers such as hepatocellular carcinoma [8] , colon cancer [9] , and advanced non-small-cell lung cancer [10] . Recent studies in clinical trials also indicated that immunotherapy with CIK cells improved overall recurrence-free survival rate, without evidence of severe adverse effects [11] [12] [13] . CIK cells are CD3+CD56+ phenotype cytokine-induced killer T cells, but are not restricted by major histocompatibility complex (MHC) and can be easily grown in a large quantities in vitro [14] . Due to their high proliferative ability, a large number of CIK cells can be produced in 2-3 weeks after in vitro culture of peripheral blood mononuclear cells (PBMCs) stimulated with IL-2, IFN-g, and anti-CD3 antibody [15] . Studies in vivo showed that PBMC-derived CIK cells can effectively reduce tumor recurrence in association with release of high levels of IFN-g and TNF-a, but not IL-2 or IL-4 [12, 15] .
Due to feasibility of use and potent anti-tumor activity of CIK cells, CIK cells have recently been widely used in clinical trials by several research groups [11, 12, [16] [17] [18] [19] . However, the therapeutic effects of CIK are variable due to numerous factors such as tumor stage, donor cell phenotype, number and purity of donor cells, infusion doses and route, and combined treatment with other adjuvants. It is reported that 5-year overall survival and 5-year disease-free survival (DFS) are greatly improved with CIK therapy, as compared to the conventional chemotherapy, accompanied with increased CD3+ T cell and CD4+/CD8+ T cell ratio; however, multiple doses of CIK cells and combinational treatment with other adjuvants are required for long-term effective anti-tumor effects [13, 16, 18] such as FOLFOX4 [17] , XELOX (Capecitabine and Oxaliplatin) [20] , oxaliplatin (L-OHP) [19] , and dendritic cells [12] . Age, sex, genetic background, life-style, and tumor stage of patients during CIK therapy may significantly contribute to CIK therapy effectiveness. Thus, it is necessary to establish an international standardized CIK therapy protocol and perform a systemic review of clinical trials by use of powerful statistical analysis to better evaluate CIK therapeutics in patients.
Meta-analysis is a powerful statistical analysis, retrospectively studying pooled data from multiple studies, with much lower random error than other statistical methods. In the present study, we pooled clinical data from 6 relevant CIK-mediated clinical trials involving gastric cancer patients after an extensive online search that included 318 patients [12, 13, [16] [17] [18] [19] . After meta-analysis, we conclude that adoptive transfer of CIK cells significantly increased 5-year survival rate (OS) and odds ratio (OR) (p<0.05), indicating long-term improved therapeutic effects of CIK therapy over the conventional therapeutic approach for patients with gastric cancer.
Material and Methods

Literature research
A comprehensive online literature search was performed to identify relevant studies on CIK therapy for gastric cancer using the NCBI Global Cross-database (PubMed, PMC, Gene, PubChem) and Google Scholar, using search terms for "gastric cancer" and "cytokine-induced killer cells". No language restriction was imposed in this research. Eligible articles and relevant review articles were also manually reviewed.
Data collection and quality assessment
Articles relevant to comparison between CIK cell therapy and conventional chemotherapy for patients with gastric cancer were included for meta-analysis. Patient condition and courses of treatment were not restricted for data inclusion. Studies without description of recurrence, survival rates, and overall survival rates were excluded. Books, letters, expert opinions, and editorials were also excluded. We also excluded studies published before January 1, 2000. In the second round of selection, we excluded the articles which were not written in English and not aimed at investigating the association between CIK cell therapy and gastric cancers. Articles without comprehensive statistical information and lack of original data were excluded.
Data synthesis and statistical analysis I 2 index was first calculated to assess the heterogeneity. A Mantel-Haenszel (M-H) fixed-effects model (FEM) was used for data without statistically significant heterogeneity and a DerSimonian and Laird (D-L) random-effects model (REM) was used for data with statistically significant heterogeneity. P<0.05 was considered as statistically significant heterogeneity. We used the FEM model in our analysis due to the small size of our dataset. Publication bias was assessed by Begg's tests using STATA 12.0 software (Stata Statistical Software: Release 12. College Station, TX: StataCorp LP., USA), and data were presented with funnel plot. Overall survival (OS) and odds ratio (OR) with 95% confidence interval (CI) were analyzed for studies after 1, 2, 3, and 5 years of CIK therapy with case controls by using software Revman version 5.2. OR>1 indicates a lower recurrence of gastric cancer and better survival rate.
Statistical analysis of immune responses
For measuring the immune response analysis after CIK therapy, the number of CD3+ and ratio of CD4+/CD8+ among 5-year CIK-treated patients were analyzed and data are presented as mean ±standard deviation. Weighted mean difference (WMD) was calculated by comparing mean and standard deviation in the treatment group to the data acquired in the control group. A positive WMD indicates increase in these 2 parameters, whereas a negative WMD shows a decrease. An increase in these 2 parameters indicates an improved condition. Statistical analysis was performed with STATA 12 (Stata Statistical Software: Release 12. College Station, TX: StataCorp LP).
Results
Study selection and description
To clarify the significance of CIK treatment on gastric cancer patients, we performed a comprehensive online literature search using the terms "gastric cancer" and "cytokine-induced killer cells". Initially we found 135 relevant studies. After exclusion of studies that were published before 2000, non-relevant to CIK therapy for gastric cancer, written in other languages, and lacked comprehensive statistical information and original data, we finally identified 6 case-controlled studies for our meta-analysis, which cover 318 patients treated with CIK immunotherapy and 369 patients treated with conventional therapy [12, 13, [16] [17] [18] [19] [20] (Figure 1 ). The characteristics of included patients are described in Table 1 .
CIK treatment increased overall survival rate of patients with gastric cancer
We first analyzed the survival rate of 1-year, 2-year, 3-year, and 5-year post-CIK therapy as compared to the results of conventional controls by using the t test. Patients undergoing conventional treatment have gradual decreases in survival rate from 1-year 79±10.92% to 2-year 56±11.9%, 3-year 43±8.31%, and 5-year 27±2.44%. CIK treatment moderately increased survival rate up to 1-year 85±11.3%, 2-year 69±15.27%, and 3-year 59±12.45%; these differences were not significant compared to conventional control patients (p>0.05, n=4), but we observed significantly improved 5-year survival rate at 49±7.62% in the CIK-treated patients (n=4, p=0.03), indicating long-term therapeutic effects of CIK therapy ( Figure 2 , Table 2 ).
To test the heterogeneity (I 2 ) of the datasets included in this study, we analyzed heterogeneity (I 2 ) in the included 1-year, 2-year, 3-year, and 5-year datasets under an M-H fixed-effects model or a D-L random-effects model. The heterogeneity I 2 in the 6 included studies was 0.0%, indicating that the datasets included in this study were comparable.
The M-H fixed-effects model was applied for our meta-analysis among 318 patients who received CIK therapy in combination with conventional chemotherapy and 369 patients who received conventional therapy alone. Survival rates between these 2 groups is represented as OR with 95% CI. A larger OR value indicates a better therapeutic effect and p<0.05 indicates significance. After analysis, we obtained a 1-year overall OR of 1.06 (95% CI=0.78-1.44, p=0.691); 2-year overall OR of 1.27 (95% CI=0.88-1.81, p=0.198); 3-year overall OR of 1.33 (95% CI=0.98-1.79, p=0.064), and 5-year overall OR of 1.77 (95% CI=1.25-2.51, p = 0.001) (Figure 3 ). Thus CIK treatment significantly increased 5-year survival rate, and moderately increased 1-year, 2-year, and 3-year survival rates, but not significantly, consistent with the results obtained by using t tests.
Assessment of publication bias
To determine whether there was publication bias for the included studies, we performed both Begg's and Egger's tests for the 6 included studies, and data is presented by Funnel plot. As shown in Figure 4 , there was no significant publication bias in 1-year, 2-year, 3-year, and 5-year post-CIK and conventional treatments (p=0.47, p=0.52, and p=77, p=0.98, respectively) (Figure 4) .
CIK treatment increased immune responses among patients with gastric cancer
Helper CD4+ T cells and cytotoxic CD8+ T cells are major cell types fighting against primary tumor cells and tumor metastasis. It was reported that the number of CD3+ T cells and CD4+/CD8+ ratio are significantly lower in the most gastric cancer patients compared to those in healthy controls after chemotherapy [16] . To determine whether the improved therapeutic effects of CIK treatment is associated with increased number of CD3+ T cells and elevated CD4+/CD8+ ratio in our included study, we pooled the CD3+, CD4+ and CD8+ T cell This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License data from 4 included studies. The results showed that the number of CD3+ T cells and the CD4+/CD8+ ratio were both moderately increased in the 5-year CIK-treated group as compared to the control group (Table 3) . The increased immune responses were correlated to increased overall weighted mean difference (WMD), at 15.43 (95% CI: 5.45-25.41, p=0.002) for CD3+ T cell number and 0.44 (95% CI: 0.32-0.56, p < 0.001) for CD4+/CD8+ ratio. The random-effects model was applied for analysis of immune responses due to high heterogeneity (I 2 =95.7%) and small database (Table 4) .
Discussion
Before cellular immunotherapy is explored for anti-tumor therapy, cancer patients usually receive conventional therapy after tumor resection. However, the adjunct conventional therapy did not significantly prolong patient survival without significant improvement of 5-year survival rate, whereas the 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivs 3.0 Unported License conventional therapy induced severe adverse effects in most patients [3, 16, 21] . Recent extensive studies in animal models and clinical trials have confirmed that the immunotherapy approach is more effective in anti-tumor activity than the conventional therapy, but the results are variable among reports. Clinical trials for gastric cancer by cellular immunotherapy have been explored in China in recent years [12, 13, 16] . However, due to variability in sample sizes and lack of standardized clinical trial protocol and statistical methods, there is still no firm conclusion about the effects of CIK-mediated therapy in gastric cancer. To address this issue, we performed an extensive online search, finally obtaining 6 clinical trials relevant to CIK-mediated immunotherapy for gastric cancer in China. We pooled datasets from 4 clinical trials covering 318 patients receiving CIK immunotherapy and 369 patients receiving conventional therapy. After analysis using the t test, we observed a greatly improved 5-year survival rate of up to 49±7.6% in patients receiving CIK immunotherapy as compared to those receiving conventional therapy with a survival rate of 27±2.4% (p<0.05). Further meta-analysis showed that CIK immunotherapy significantly increased OR, up to 1.77 (p<0.005). In addition, we observed moderately increased OR (1.06, 1.27, and 1.33) among patients receiving 1-year and 3-year post CIK-therapy, as compared to the control groups, respectively. We speculate that the short duration of followup after CIK treatment accounts for the moderate improvement of OR as compared to that of 5-year post-CIK therapy. Unfortunately, the studies did not provide detailed information about symptom control, tumor histology, or computed tomography (CT) scan imaging during the short period of time after surgery. We expect a greater symptom relief, tumor shrinkage, and slower tumor growth among the patients at 1 and 3 years post-CIK therapy than in the patients who received conventional therapy only. Overall, our meta-analysis showed that CIKs therapy significantly improved 5-year survival of gastric cancer patients and that the significance is not caused by publication bias.
Because it was reported that the number of CD3+ T cells and the CD4+/CD8+ ratio are significantly lower in most gastric cancer patients than those in healthy controls after chemotherapy [9] , we performed additional statistical analysis of immune responses in the 4 pooled studies. The results indicated that CD3+ T cells number and ratio of CD4+/CD8+ T cells were 
Conclusions
It should be noted that there were only 6 relevant clinical trials extracted for our meta-analysis, and a larger sample size may be required for further meta-analysis to obtain more conclusive results. In addition, all 6 clinical trials were reported in China, and data from other countries is still lacking. Therefore, establishing an international registry on CIK cell-mediated cancer therapy is a critical step in standardization of clinical trial protocol [22] . Further investigation of donor CIK cell tissue distribution, survival and biological function, and host cellular and humoral immune responses to CIK cells would greatly strengthen the conclusions drawn in this study.
